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ppnnnrTION OF PURIFIED. BIOLOG ICALLY ACTIVE 
tt&rTTTRiALLY PRODUCED RECOMBINA NT HUMAN CSF-1 

rross-Ref erence to Relate* ^ Application 
This is a continuation-in-part of U.S. Serial 
No. 114,001; filed 27 October 1987, which is a 
continuation-in-part of U.S. Serial No. 040,174, filed 
16 April 1987. 

Technical Field 

15 ,Yhe invention relates to processes for 

purification and refolding of bacterially produced 
recombinant proteins in forms having high specific 
biological activity. In particular, it concerns 

procedures which make possible the production of 
biologically active, dimeric forms of CSF-1 from 
bacterial hosts expressing genes encoding the monomer.. 

Background Art 

Colony stimulating factor-1 (CSF-1) is one of 
several proteins which are capable of stimulating colony 
formation by bone marrow cells plated in semisolid 
culture medi\jm. CSF-1 is distinguished from other 
colony stimulating factors by virtue" of its ability to 
stimulate these cells to become predominantly macrophage 
colonies. Other CSFs stimulate the production of 
colonies which consist of neutrophilic granulocytes and 
macrophages; predominantly neutrophilic granulocytes; or 
neutrophilic and eosinophilic granulocytes and 
macrophages. A review of these CSFs has been published 
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by Dexterr T.M., Nature (1984) 309:746, and by Vadas, 
M.A,, Immunol (1983) 130:793. There is currently no 
routine in vivo assay which is known to be specific for 
CSF-1 activity, 

5 The characteristics of native htoman CSF-1 are 

complex, and in fact it is not yet clear what form of 
CSF-1 is active in the human body. Soluble forms of 
naturally-produced CSF-1 have been purified to various 
— degrees from human urine, mouse L-cells., cultured human 

10 pancreatic carcinoma (MIA . PaCa) cells, and also from 

various human and mouse lung cell conditioned media, 
from human T-lymphoblast cells, and from human 
placental-conditioned medixjm. Many, if not all of the 
isolated native CSF-1 proteins appear to be glycosylated 
15 dimers, regardless of source. There is considerable 
variety in the molecular weights exhibited by the 
monomeric components .of CSF-1, apparently the result of 
variations in C-terminal processing and/or the extent of 
glycosylation. For example. Western analysis shows that 
20 the CSF-1 secreted by the MIA PaCa cell line contains 
reduced monomers of approximately 26 and 30 kd, as well 
as 40, 48, and 70 kd forms. Other CSF-1 molecular 
weights have been reported. For example, the monomeric 
reduced form of CSF-1 isolated from human urine is of 
25 the relatively low molecular weight of 25 kd when 
isolated, and 14-17 kd when extensively deglycosylated 
in vitro (Das, S. and Stanley, E.R. , J Biol Chem (1982) 
257:13679). 

The existence of "native-like" CSF-1 reference 
30 proteins is important because these proteins provide 
standards against which to compare the quality and 
biological activity of refolded recombinant forms of 
CSF-1. For this purpose, we have relied upon the 
soluble CSF-1 produced by the Mia PaCa cell line as well 



as properties of other highly purified CSF-1 molecules 
which have been described in the literature. The 
specific activity of these purified "native-like" 
reference proteins has typically fallen in the range of 
4 to 10 X lo'' units per mg (as measured by in vitro 
mouse bone marrow colony-forming assays). 

CSF-^1 has also been produced from recombinant 
DNA using two apparently related cDNA clones: (1) a 
"short" form which encodes a message which, when 
translated, produces a monomeric protein of 224 amino 
acids preceded by a 32-amino acid signal sequence 
(Kawasaki, E.S*, et al. Science (1985) 230 ;292-296. and 
PCT WO86/04G07, both of which are incorporated herein by 
reference); and (2) a "long" form, encoding a monomeric 
protein of 522 amino acids, also preceded by the 
32-amino acid, signal sequence. The long form has been 
cloned and expressed by two groups, as disclosed in 
Ladner, M.B., et al. The EMBO J (1987) 6(9) :2693-2698, 
and Wong, G. , et al. Science (1987) 235:1504-1509, both 
of which are incorporated herein by reference. (The DNA 
and amino acid sequences for both "short" and "long" 
forms are shown in Figures 5 and 6, respectively; 
however, the 32 amino acid signal sequence is incomplete 
as illustrated in Figure 6.) 

The long and short forms of the CSF-l-encoding 
DNA appear to arise from a variable splice junction at 
the upstream portion of exon 6 of the genomic 
CSF-l-encoding DNA. When CSF-1 is expressed in certain 
eucaryotic cells from either the long or short cDNA 
forms, it appears to be variably processed at the 
C-terminus and/or variably glycosylated. Consequently, 
CSF-1 proteins of varying molecular weights are found 
when the reduced monomeric form is analyzed by Western 
analys is . 
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The amino acid sequences of the long and short 
forms, as predicted from the DNA sequence of the 
isolated clones and by their relationship to the genomic 
sequence, are identical with respect to the first 149 
5 amino acids at the N-terminus of the mature protein, and 
diverge thereafter by virtue of the inclusion in the 
longer clone of an additional 894 bp insert encoding 298 
additional amino acids following glutamine 149. Both 
the shorter and longer forms of the gen^ allo"^ 
0 expression of proteins with sequences containiftgr: 
identical regions at the C-terminus, as well a^ at'the 
N-terminus, Biologically active CSF-1 has been 

recovered when cDNA encoding through the first 150 or 
158 amino acids of the short form, or through the first 
5 221 amino acids of the longer form,, is expressed in 
eucaryotic cells. 

Since most, if not all, of the native secreted 
CSF-1 molecules are glycosylated and dimeric, 
significant posttranslat ional processing apparently 
0 occurs in vivo . Given the complexity of the native 
CSF-1 molecule, it has been considered expedient to 
express the CSF-1 gene in cells derived from higher 
organisms It seemed unlikely that active protein would 
be obtained when the gene was expressed in more 
5 convenient bacterial hosts, such as S. coli . Bacterial 
hosts do not have the capacity 'to glycosylate proteins, 
nor are their intracellular conditions conducive to the 
refolding, disulfide bond formation, and 

disulf ide-stabi 1 ized dimerization which is apparently 
C- essential for full CSF-1 activity. Thus, experimental 
production of recombinant CSF-1 in E. coli has, prior to 
this invention, resulted in protein of very low 
activity, although its identification as monomeric CSF-1 
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had been readily confirmed by immunoassay, N-terminal 
sequencing, and amino acid analysis. 

It is by now accepted that inactive forms of 
recombinant foreign proteins produced in bacteria may 
require further "refolding" steps in order to render 
them useful for the purposes for which they are 
intended. As a dimeric protein containing a large 
number of cysteines and disulfide bonds, which are 
required for activity, CSF-l represents a particularly 
difficult challenge for production from bacterial 
systems. Often, recombinant proteins produced in 
E, coli , including CSF-1 so produced, are in the form of 
highly insoluble intracellular protein precipi tastes 
referred to as inclusion bodies or refractile bodies. 
These inclusions, can readily be separated from the 
soluble bacterial proteins, but then must be solubi 1 ized 
under conditions which result in essentially complete 
denaturation of the protein. Even secreted proteins 
from bacterial sources, while not necessarily presenting 
the same solubility problems, may require considerable 
manipulation in order to restore activity. Each 
different protein may require a different refolding 
protocol in order to. achieve full biological activity. 

A number of papers have appeared which report 
refolding attempts for individual proteins produced in 
bacterial hosts, or which are otherwise in denatured or 
non-native form. A representative sample follows. 

Reformation of an oligomeric enzyme after 
denaturation by sodium dodecyl sulfate (SDS) was 
reported by Weber, K. , et al, J Biol Chem (1971) 
246:4504-4509. This procedure was considered to solve a 
problem created by the binding of proteins to SDS, and 
the process employed removal of the denatured protein 
from SDS in the presence of 6 M urea, along with anion 
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exchange to .remove the SDS , followed by dilution from 
urea, all in the presence of reducing agents. The 
proteins which were at least partially refolded 
included: aspartate transcarbamylase , B-galactos idase , 
5 rabbit muscle aldolase, and coat protein from 
bacteriophage R-17. 

Light, A,, in Biotechnioues (1985) 2:298-306, 

describes a variety of attempts to refold a large number 
of proteins. -r^It - is^ apparent from the description in 
0 this reference'" that;^ the techniques which are applicable 
are highly individual to the particular protein 
concerned. In fact^ in some cases, . refolding 

significant amounts . of particular proteins has not been 
possible and the results are quite unpredictable. In 
5 addition, refolding procedures for recombinant urokinase 
produced in E. coli were described in Winkler, M.E., 
Biotechnology (1985) -1:990-999. In this case, the 
material was dissolved in 8 M urea or 5 M guanidine 
hydrochloride, and the rearrangement of disulfides was 
!0 facilitated by use of a buffer containing a glutathione 
redox system. Recombinant human immune interferon, 
which has no disulfide bonds, has been refolded to 
generate a more., active preparation using chaotropic 
agents in the absence of thiol-disulfide exchange 
25 reagents (PCT application WO 86/06385). In another 
example, bacterially synthesized granulocyte macrophage 
colony-stimulating, factor (GM-CSF) , a member of the CSF 
group, was also produced in E, coli and refolded after 
solubilization in 6 M urea. This CSF is unrelated to 
30 CSF-1, since GM-CSF has a distinct amino acid sequence 
and is also monomer ic. 

Use of refolding procedures to obtain 
reconst itut ion of activity in multimeric proteins has 
also been described by Herman, R.H. , et al, Biochemistry 
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(1985) 2i:1817-1621 , for phosphoglycerate mutase, and by 
Cabilly, S,, Proc Natl Acad Sci USA (1984) 81:3273-3277, 
for immunoglobulins. An additional procedure for 
immunoglobulin reassembly was described by Boss, M.A. , 
5 et al, Nucleic Acids Research (1984) 12:3791-3806. These 
procedures all employ denaturation and the use of 
appropriate oxidizing and reducing agents or 
sulfitolysis reagents. A related approach employs the 
catalyst thioredoxin, and is disclosed by Pigiet, V.P., 
10 Proc. Natl Acad Sci USA (1986) 81:7643-7647. 

Certain aspects of solubilization, 
purification, and refolding of certain recombinant 
proteins produced as refractile bodies in bacteria are 
also disclosed in U.S. 4,511,562; 4,511,503; 4,512,912; 
15 4,518,526 and EPO publication 114,506 (Genentech) . 

The foregoing references are merely 
representative of a large body of literature which, when 
taken together, shows individual steps in protocols 
. which may be modified and combined in various sequences 
20 to obtain individually tailored procedures for 
particular subject proteins produced in accordance with 
particular expression systems. It is evident that 
retailoring of the overall procedures to fit a specific- 
case is a requirement for producing refolded product 
25 with full biological activity in useful amounts. 

For example, a number of the published 
procedures describe a step for successful refolding of 
the recombinantly produced protein. It is not clear 
from these references, but is known in the art, that the 
30 starting material f or . refolding may exist in a variety 
of forms, depending on the nature of the expression 
system used. In the case of bacterial expression, it 
is, however, clear that the product is not glycosylated, 
and that, in addition, production of an intracellular 
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disulf ide-bonded dimeric product is prevented by the 
reducing environment in bacterial cells. 

Currently the most common form of recombinant 
protein starting material for refolding is an 
5 intracellular, insoluble protein which is produced by 
expression of a gene for mature or bacterial fusion 
protein, lacking a functional signal sequence, under the 
control of standard bacterial promoters such as trp or 
Pl. Because recombihantly produced products in bacteria 

10 are produced in. high concentrations in a reducing 
environment, and because typically the constructs do not 
enable the bacteria to secrete the recombinant protein, 
these foreign proteins are often observed to form 
insoluble inclusion bodies. 

15 However , ' Signal sequences which function in 

bacteria are known, including the coli penicillinase 
sequence disclosed by Gilbert et al, U.S. Patents 
4,411,994 and 4,338,397, the B. lichenif ormis penP 
sequences disclosed by Chang in U.S. Patent Nos. 

20 4,711,843 and 4,711,844, and the phosphatase A signal 
sequence (phcA) disclosed by Chang, et al, in European 
Patent Publication No. 196,864, published 8 October 
1986, and incorporated herein by . reference . Secretion 
can be effected in some strains. However, if 

25 Gram-negative hosts are used, complete secretion may not 
occur, and the protein may reside in the periplasmic 
space. Nevertheless, it is much more likely that 
proteins expressed under control of promoters and signal 
sequences such as phoA will be produced in soluble form 

30 if they are capable of refolding and forming required 
disulfide bonds in the extracellular environment. The 
methods disclosed hereinbelow are expected to be of 
value for both intracellular and secreted products where 
refolding is required. 
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Nowhere in the literature is a specific 
process described for the preparation of biologically 
active dimeric CSF-1 from bacteria. The present 
invention describes several refolding procedures 
involving CSF-1 proteins of various primary structures. 
The resulting refolded CSF-1 proteins are fully active 
and soluble, and the various molecules differ 
sufficiently in physical properties that they may be 
expected to exhibit a variety of pharmacokinetic and/or 
pharmacological properties when used therapeutically 
in vivo . 

Disclosure of the Invention 

The invention is directed to a procedure for 
assembly of biologically active, dimeric CSF-1 using the 
monomeric starting material produced by bacterial cells 
that have been transformed with suitable CSF-1 gene 
constructions. The procedure takes advantage of the 
different properties of the monomeric and dimeric forms 
of the protein to effect useful purification procedures, 
and employs suitable reagents to convert the insoluble 
monomeric form to an active, soluble, dimeric form. 

Thus, in one aspect, the invention is directed 
to a method to obtain purified, biologically active 
CSF-1 dimer from the reduced monomeric product of the 
CSF-1 gene recombinant ly expressed in bacteria. First, 
semipurified solubilized reduced monomer is maintained 
under reducing conditions to assure uniform starting 
material. Second, refolding of the monomer and 
association into dimer is conducted under suitable 
refolding conditions. Third, the refolded, dimeric 
CSF-1 is purified to remove contaminating proteins and 
endotoxins, yielding a product suitable for clinical 
use. In one embodiment, the process includes the step 
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of solubilizing the recombinant ly produced CSF-1; in 
other embodiments^ the solubilized CSF-1 is subjected to 
a purification step before refolding. 

In another aspect^ the invention relates to a 
5 process of forming heterodimer ic CSF-1 proteins from a 
mixture of different monomer ic forms. The monomers may 
be mixed directly or may be mixed by virtue of 
production by the same recombinant cell. Such 
heterddime^s may allow the product ion * of CSF-1 products 
0 with improved in vivo utility. 

Still another aspect includes the further 
step, if needed, of resolubi 1 izing the residual 
insoluble CSF-1 present at the end of the refolding 
process and increasing yield through recycling. 

In still another aspect, the invention relates 
to a process for obtaining clinically pure CSF-1 dimeric 
protein which comprises subjecting the refolded dimeric 
protein to chromatography using a hydrophobic support,, 
such as phenyl-Sepharose or phenyl-TSK HPLC. 

The invention, in other aspects, also is 
directed to the products of the foregoing processes, and 
specifically is directed to refolded, clinically pure, 
essentially endotoxin/pyrogen-f ree dimeric CSF-1 
produced by expression in bacteria. 

Brief Description of the Drawings 

Figure 1 shows the partial purification of one 
type of monomeric CSF-1 using molecular sieve 
chromatography . 

Figure 2 shows the extent of dimerization as 
assayed using molecular sieve chromatography. 

Figure 3 represents RP-KPLC analysis of one 
type of denatured and refolded recombinant E. coli 
CSF-1. 



Figure 4 shows a spectral analysis to 
determine the solubility of one type of denatured and 
refolded recombinant E, coli CSF-1« 

Figure 5 shows the cDNA and deduced amino acid 
sequence for a cDNA clone encoding a "short" form of 
human CSF-1 designated pcCSF-17. 

Figure 6 shows the cDNA and deduced amino acid 
sequence for a cDNA clone encoding a "long" form of 
human CSF-1 designated pcCSF-4. 

Figure 7 shows the results of a reducing and 
non-reducing SDS-PAGE analysis of dimeric 
aspsgSCSF/CVlSO CSF-1* 

Modes of Carryina Out the Invention 

A. Definitions 

As used herein, "chaotropic environment" 
refers to an environment which contains appropriate 
chaotropic agents, such as urea in sufficient 
concentration to disrupt the tertiary structure of 
proteins, or which is maintained at a temperature or 
other condition which causes such disruption, 
Chaotropic agents or conditions such as temperature and 
pH may disrupt structure in a variety of ways, including 
the disruption of hydrogen bonds. Suitable chaotropic 
environments include 2-8 M urea, 4-7 M guanidinium, 
detergents such as SDS at concentrations around 0.1% by 
weight, and acids such as acetic acid at concentrations 
of about 1 M, basic conditions of, e.g., pH 11 and 
above, and elevated temperatures. When placed in a 
chaotropic environment, the normal physiological 
conformation of proteins may be reversibly as well as 
irreversibly altered, and the primary structure may be 
"unfolded" to varying degrees, depending on the 
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concentration of the chaotropic agent and the degree of 
severity of other chaotropic conditions. It should be 
understood that agents and/or conditions which create 
chaotropic environments can be used in combination or in 
5 sequence. For example, mixtures of chaotropic agents 
can be used, or the CSF-1 may first be placed in a 
chaotropic environment created by one chaotropic agent, 
and then subjected to a second chaotropic environment 
created by another agent or by temperature. 
10 As used herein, "reducing agent" specifically 

refers to a reducing agent which is capable of reducing 
disulfide linkages to sulfhydryl groups. A variety of 
mildly reducing materials capable of effecting this 
conversion is available, but the most common comprises 
15 thiol-containing moieties such as B-niercaptoethanol or 
di thiothreitol . Additional functional reducing agents 
include reduced glutathione and free cysteine itself. 
While emphasis; is placed on thiol-containing compounds, 
any material which is capable of the disulfide to thiol 
20 conversion without undesirable side reactions is 
included in this definition. 

"Reducing conditions" refers to conditions 
which maintain or place, as the case may be, the CSF-1 
protein in the monomeric reduced form. If the CSF-1 is 
25 produced in an environment which places it initially in 
reduced form (i.e., the cysteines are in said form, not 
cystine) milder conditions may suffice than would be 
required if the protein were initially in oxidized form. 

"Refolding conditions" refers to conditions 
30 wherein a denatured protein is permitted to assume a 
conformation associated with physiological activity. 
This specifically includes formation of disulfides 
and/or association into dimeric or multimeric structures 
which are functionally identical to those of the native 
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protein. Such conditions include slow removal of or 
step-wise dilution of chaotropic agents in the presence 
or absence of agents which permit the formation of 
disulfide bonds normally present in the active 
conf ormat ion. If high concentrations of chaotropic 
agents are used for solubilization, or if the protein is 
otherwise denatured by virtue of these agents, the 
chaotropic substances included in the chaotrope may t^^ 
removed by simple dilution, by dialysis, by hollow fiber 
diaf iltration, or by a number of other means known in 
the art by which the concentration of small molecules 
may effectively be lowered, with or without a 
corresponding decrease in the concentration of the 
protein. 

It is . desirable to promote disulfide bond, 
formation during this process. This can be accomplished 
by air oxidation or by including reagents suitable^ for 
this purpose in the refolding conditions. Such reagents 
include "redox systems" which permit the continuous 
oxidation and reduction of the thiol/disulfide pairs. 
One of the most commonly used of these systems is 
glutathione, in both oxidized and reduced forms. It is 
known that oxidized glutathione and reduced glutathione 
are naturally occurring constituents of mammalian cells 
and may, in fact, in addition to or in conjunction with 
isomerases catalyzing this reaction, promote 
thiol/disulfide bond exchange in vivo (Tietze, F., Anal 
Biochem (1969) 27:502). Other pairs of oxidized 
(disulfide) and reduced (thiol), reagents may ■ also be 
used; indeed, the disulfide and thiol need not be 
derived from the same molecule. In addition, new 
disulfide bonds may be formed by sulf i tolys is , followed 
by oxidation of the sulfonated thiol groups. This 
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process is described in U.S. Patent 4,620,948 to Builder* 
et al, supra , 

The purification methods referred to herein 
include a variety of procedures. Among several types 

5 which" may be useful are size fractionation using 
molecular sieve chromatography; ion-exchange 
chromatography under suitable conditions; affinity 
chromatography using, for example, monoclonal antibodies 
directed to th^ biologically active form of the protein; 

0 adsorption ctiromatography using nonspecific supports, 
such as hydroxyapat ite , silica, alumina, and so. forth; 
and also gel-supported electrophoresis. In the case of 
CSF-1, hydrophobic interaction chromatography, such as 
using phenyl-Sepharose or phenyl-TSK, has been shown to 

5 be particularly useful. In addition, initial 

purification of monomeric CSF-1 using ion-exchange 
chromatography -'(such as - DEAE-Sepharose chromatography) 
has been shown to be a particularly effective procedure 
to increase the purity of the dimeric CSF-1 protein. 

0 These purification techniques are, in a general sense, 
well known in the art, and a detailed description of the 
pecularities of their specific application to CSF-1 
proteins is described in the examples below. 

As used herein, "biologically active" means a 

•5 preparation of human CSF-1 produced recombinantly in 
bacteria which has essentially the same specific 
activity in human and mouse bone marrow colony-forming 
assays as native human CSF-1 produced by mammalian 
cells. 

"Clinically pure" CSF-1 means a preparation of 
biologically active human CSF-l produced recombinantly 
in bacteria which is at least 95% CSF-1 either' by 
RP-KPLC or by either reducing or non-reducing SDS-PAGE 
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and has an endotoxin content of less than about 
1.0 ng/mg CSF-1 as assayed by standard LAL assay. 

B . CSF~1 Proteins 

As set forth in the background section, CSF-1 
is biologically active in its dimeric form. It has been 
possible to obtain recombinant DMA encoding CSF-1 
monomers consisting of a variety of amino acid sequences 
and lengths. Figures 5 and 6, respectively, show the 
DNA and amino acid sequences for the short and long 
forms, both of which are preceded by a 32-amino acid 
signal sequence. The sequences of monomeric CSF-1 
protein are considered herein for convenience to be the 
224-amino-acid short form (SCSF) and the 522-amino-acid 
long form (LCSF) shown in these figures. 

Plasmids encoding a variety of CSF-1 forms are 
currently available, and can be expressed in bacterial 
systems. As described immediately above, the gene 
encoding the long form of CSF-1 can be expressed in its 
entirety, or the gene can be truncated to express 
C-terminally deleted forms. In addition, the first two 
or three N-terminal codons can be deleted so that the 
resulting protein is more homogeneous. Specifically, 
the N-terminal methionine encoded upstream of the mature 
native sequence N-terminus (which is retained in the 
protein as "N-terminal met" unless removed by post- 
translat ional processing), has been found to be more 
readily removed from. these N-terminal deletion 
constructs. Furthermore, significant heterogeneity 

(resolvable by RP-HPLC analysis of the reduced monomer) 
is found when the gene encoding the "native" N-terminal 
sequence (for example, of the short form, mutein 
SCSF/CV150) is expressed. This heterogeneity is 

eliminated when the corresponding CSF-1 gene lacking the 
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two glutamic acid N-terminal codons is expressed. 
Correspondingly, N-terminal truncated forms of other 
short and long CSF-1 gene constructs can also be 
employed. 

S For convenience, the primary structure .of 

monomer ic proteins encoded by the various cDNA 
constructs described will be designated herein using a 
shorthand notation^ as follows: LCSF denotes the 
522-amino acrd sequence disclosed for the clone pcCSF-4, 
set forth in -the Ladner et al article referred to above. 
The EMBO J (1S87) 6 ( 9 ): 2693-2698 , and . shown in Figure 6. 
SCSF denotes the 224-amino acid sequence disclosed for 
the clone pcCSF-17, shown in Figure 5, described in the 
Kawasaki article referred to above. Science (1985) 
^5 230:292-296, also incorporated herein by reference. It 
will be noted that this particular pcCSF-17 clone has a 
tyrosine residue at position 59, whereas the gene as 
defined by the genomic clone has been found to encode 
aspartic acid at that position. Therefore, AspsgSCSF 
20 denot'es. a mutein of the disclosed short form having this 
modification. (The disclosed LCSF clone encodes Asp at 
position 59..) Muteins corresponding to amino acid 
substitutions within the "native" sequences, depicted are 
correspondingly designated by the substitution 
25 subscripted with the position. Mutein forms of CSF-1 
are disclosed in European Patent. Application No. 
87309409.8, filed 23 October 1987, which is incorporated 
herein by reference. When constructs putatively 

encoding these proteins are expressed as mature proteins 
in bacteria, th^y may also retain an N-terminal 
methionine. Since the presence or absence of the 
N-terminal methionine cannot be predicted, this 
possibility is not included in the notation. 
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C-teriuinal and N-terminal 'truncations of these 
basic SCSF and LCSF sequences will be designated as CV 
or N7, respectively. The C-terminal deletions will be 
followed by the number representing the niomber of amino 
acids of the native structure remaining; for the 
N^terminal deletions^ NV will be followed by the number 
of amino acids deleted from the N terminus. Thus^'for 
example, LCSF/C7150 denotes a construct encoding a 
protein which contains the first 150 amino acids of^the 
long CSF sequence; SCSF/CV158 denotes a construct 
encoding a protein which contains the first 158 amino 
acid residues of the short form; SCSF/N72 denotes a 
construct encoding the short form with two N-terminal 
amino acids deleted. (As set forth above, the LCSF and 
SCSF diverge beginning at position 150 and reconverge 
near the C-termini.) LCSF/N72C7150 denotes a form which 
is the same as LCSF/C7150, except that the two 
N-terminal glutamic acid residues are deleted. 

Particularly preferred constructions which 
result in CSF-1 proteins subjected to the process of the 
invention, include genes encoding LCSF/C7150,' 
LCSF/C7190, LCSF/C7221, LCSF/C7223, LCSF, and their 
corresponding N72, N73, tyrsg, serisy, ser^sg,- and- 
seri57seri5g . forms. Also preferred are SCSF/C7158, 
SCSF/C7150, SCSF, and their corresponding N72 and N73 
and asp59 forms. 

Particularly preferred starting materials 
include the products of the genes encoding 
SCSF/N73C7150 , LCSF/N73C7221 , seri57LCSF/N73C7221 , 
seri57LCSF/N73C7221 , and seri57seri59LCSF/C7221 . 

The resulting proteins may or may not retain 
the length prescribed by the gene, due to processing by 
various host systems used for expression. Therefore, 
although the starting material proteins for refolding 
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are referred to by the same designation, it should be 
understood that these designations, in reality, refer to ' 
the gene construct , and the actual length of the 
starting material for the process disclosed herein may 
be shorter or longer (if it has N-terminal Met) than 
that specified by the C-terminal amino acid number. 

C. General Procedure 

The starting material for the" procedure of the 
invention is CSF-1 protein • produced. -^--^f-rsm : ^ the-' 
CSF-l-encodi.ng DNA transformed into a bacterial host. 
The CSF-1 gene- can be expressed as a mature protein by 
utilizing the appropriate • CSF-l-encoding DNA which is 
immediately preceded by an ATG Met-encoding codon or as 
a fusion protein wherein the CSF-1 sequence is placed in 
reading frame with a prote in-encoding -sequence , or in a 
secreted form by utilizing a signal sequence/which is 
functional in the selected host. If the construct 
encodes the "mature" form of the protein, the N-terminal 
methionine may be processed entirely, not at all, or 
partially. Methionine is, of course, not present at the 
N-terminus of secreted forms expressed from genes having 
operably linked signal sequences. Signal sequences are 
generally those derived from bacterial systems such as 
penicillinase or phosphatase A. If the secreted form is 
employed, whether or not secretion is successful, 
generally the protein . is produced in a form more 
soluble than that obtained when produced as a mature or 
fusion protein. This generalization is not without 
exceptions . 

If the secreted protein is already soluble, 
the chaotropic environment may be needed, nonetheless, 
to effect the refolding procedure. If the protein is 
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formed in insoluble form, initial solubilization is 
required. 

In general, therefore, the process begins with 
the solubilized monomer in a chaotropic environment, 
which is maintained under reducing conditions. Such 
maintenance may involve the use of a suitable reducing 
agent such as B-mercaptoethanol or di thiothre i tol (DTT) 
but the CSF-1 may already be reduced, and exclusion of 
oxidizing agents may be- suffi=c-ient. The solubilized' 
protein is typically maintained in, for example, 8 M- 
urea or 7 M guanidinium hydrochloride, at a pH of about 
7-8.6, in the presence of about 2-100 mM thiol compound. 
Starting with this solubilized form, the monomer may. 
either be refolded directly or partially purified from 
remaining proteins by a suitable purification procedure 
such as chromatography on an adsorbant gel, 
chromatography using an- ion exchange column, or gel- 
permeation chromatography prior to refolding. Use of a 
purification step prior to refolding has the advantage 
of removing contaminating host .proteins and materials 
that may degrade or alter CSF-1. Gel-permeation 
chromatography is useful, as it permits an easy size 
separation of the desired- monomer length, which is 
generally known in advance, from impurities of differing 
molecular weights. As the volume of materials increase, 
the capacity of gel-permeation columns becomes limiting. 
For larger volumes, ion exchange chromatography, for 
example, DEAE' chromatography, is preferable. It is 
required that the purification be conducted under 
reducing conditions in order to prevent the formation of 
disulf ide-linked aggregates. Thus, regardless of the 
chromatographic procedure used, a suitable reducing 
agent is preferably included in the solutions used to 
load the chromatographic columns or batches and in the 
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eluting solutions. In some instances, low pH, such as 
pH 6, may be substituted for the reducing agent, as low 
pH will essentially prevent disulfide bond formation in 
some chromatographic systems, even in the absence of 
' reducing agent. 

The partially purified monomer is then 
subjected to refolding conditions for the formation of 
the dimer. The protein concentration during this step 
is of considerable" importance. Final percent yields of 
dimer per . volxame: off folding . reaction are- increased if 
the protein concentration is less than about 2 mg/ml of 
the CSF-1 protein; a concentration range of 0.03-0.5 
mg/ml is preferred. The use of protein concentrat ionis 
which are too high may result in formation of 
^5 undesirable higher-order oligomers. The refolding 
conditions may include gradual removal of the chaotropic 
environment * over an appropriate time period (usually 
several hours) or dilution of the sample to the desired 
concentration of protein and chaotropic agent. Also 
20 possible are methods which provide a constant protein 
concentration, such as dialysis or hollow fiber 
diaf iltration while the chaotrope is slowly removed. At 
the end of the process, when the chaotropic environment 
is depleted, - a nondenatur ing level is reached. For 
25 : example, if guanidine hydrochloride is used as 
chaotropic agent, a final concentration of less than 
about 2 M, and preferably 0.1-1 M is attained and if 
urea is used as the chaotropic agent, a final 
concentration at less than about 1 M, and preferably 
30 0.1-0.5 M, is. .attained. 

The refolding during removal of chaotropic 
environment is conducted in a manner so as to permit 
oxidation of the sulfhydryl groups to disulfides in 
order to establish the resultant biologically active 
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dimeric configuration which, in the case of CSF-1 is 
stabilized by the formation of disulfides, one or more 
of which may link the two chains. Intrachain disulfides 
are also formed". Suitable redox conditions which 
5 encourage this formation of dimer include the 
sulf hydryl/disulf ide reagent combinations, such as 
oxidized and reduced glutathione. The ratio of reduced 
to oxidized glutathione or other sulf hydryl/disulf ide 
combination is typically from about 2 mM/0.1 mM to 

10 Q.^^- mM/1.0 mM. Alternative "methods for providing this 
oxidation are also acceptable. For example, simple 
removal or dilution of the reducing agent without 
precautions to exclude air and metal ions effect 
formation of desirable disulfide linkages. In any 

15 event, the pH of the solution during the refolding 
process should be maintained at about pH 7.5-9.0. It is 
clear that in the process of refolding, the highly 
reducing conditions under which the initial purification 
was conducted are no longer employed. * Minimizing the 

20 concentration of salts, such as sodium chloride, during 

the refolding process, permits the use of ion exchange 

chromatography as a subsequent concentration and/or 

purification step. 

During the refolding process, several dimeric 

25 and higher oligomeric species of CSF-1 may be formed 
including those which have lowered solubility in high 
salt and higher order oligomers which can be resolved by 
size exclusion chromatography. This aggregation process 
is minimized through temperature control, wherein low 

30 temperatures of about 0-4°C are preferable to higher 
temperatures of 25-37**C. 

Less stable dimeric forms of CSF-1 which can 
be resolved as an early eluting peak on reverse-phase 
HPLC under certain conditions may also form during the 



wo 88/08003 



PCT/US88/01189 



-22- 

refolding process. These less stable forms may result 
from the formation of undesirable disulfide bonds. 
Cysteine residues at positions 157 and 159, present in 
long form CSF-1, are not required for biological 
activity. DKA constructs encoding CSF-l containing 
serine substitutions for one or both of these cysteines 
produce higher yields in the present purification 
process and may also change solubility characteristics 
in a desirable fashion*^ 

Residual redox reagents if present in refolded- 
CSF-1 may generate problems during subsequent 
purification steps. There are many ways to block or 
prevent the disulfide' exchanges which might occur in the 
presence of such residual redox reagents (e.g., 
glutathione) including removal by, for example, 
diaf i Itrat ion or- dialysis; dilution; and lowering the pH 
of the solution appropriately. Of the above procedures, 
two of the more preferred procedures are lowering the pH 
to below pH 7.0 and diaf i Itrat ion. 

After refolding, concentration and/or the 
initial purification steps are completed, the dimer is 
further purified from residual redox material and from 
other proteins using procedures similar to those set 
forth above for the monomer. It is, of course, not 
necessary to choose the same purification procedure; 
indeed it may be preferred to use a different approach 
than that employed for solubilized monomer purification. 
Suitable means, in particular, include gel filtration, 
hydrophobic interaction chromatography, ion exchange 
chromatography, and reverse-phase HPLC. 

For example, prior to further purification of 
the refolded, dimer ic CSF-1, removal of the redox 
material, if present, and concentration of the refolded 
proteins may be performed by direct loading of the 
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refolded material onto an ion-exchange chromatography 
column using, for example, DEAE Sepharose, Frequently, 
such procedures are carried out at pH's around 8, 
however, lowering the pH into the range of 5.5 to 7.0 
5 was found to reduce oligomer formation and increase 

yield of dimeric CSF-1. 

The purification of the dimer is required to 
remove impurities, in particular, pyrogens or other 
endotoxins which result from the bacterial. production of 

10 the protein, A particularly successful protocol for 
removal of these undesirable impurities uses 
chromatography on a phenyl-TSK or pheny 1-Sepharose 
column. The chromatography is carried out under 
conditions and with reagents which are endotoxin-f ree . 

15 The desired dimeric CSF-1 is soluble and stable in 
approximately 1.5 M ammonium sulfate at neutral pH, and 
is loaded onto the columns under these conditions at low 
temperatures, of about 2°C-10''C, and preferably about 
4°C. In addition, aggregates and unstable forms of 

20 refolded CSF-1 are apparently removed from stable 
dimeric forms of refolded CSF-1 by removal of a 
precipitate that forms upon the addition of ammonium 
sulfate. The desired dimeric protein may be eluted 
using a gradient of decreasing ammonium sulfate with 

25 increasing ethylene glycol in neutral buffer. The CSF-1 
dimer elutes at approximately 0.6 M ammonium sulfate, 
35% ethylene glycol from the phenyl-TSK column. 
Alternative supports can also be used, and phenyl- 
Sepharose, may be preferred for larger scale production 

30 of the purified CSF-1 dimeric protein. 

The resulting dimer is of clinical purity. 
The specific activity of such preparations is 
approximately equivalent to that of native human CSF-1 
produced by mammalian cells. In situations where the 



wo 88/08003 

-24 



PCT/US88/01189 



starting CSF-1 is of lower purity, or where higher 
degrees of final purity are. required, an additional 
purification step (such as DEAE chromatography following 
refolding) may be employed. 
5 In those embodiments which include the 

additional preliminary step of solubilizing the 
monomeric form of the protein, the starting materials 
are obtained as insoluble intracellular protein, which 
can be separated from soluble bacterial-^ proteins by 

10 lysis of the cells under suitable -condit i'ons-- ^and*" 
recovery of the insoluble protein by centr if ugation. The 
recovered insoluble protein is then placed directly into. 
a chaotropic environment to disassemble aggregates and 
effect solubi 1 izat ion/denaturat ion, 

15 The recovered, purified dimeric forms, are 

shown to be biologically active using any of several 
proliferation assays. A standard assay whi'ch meets the 
required criteria is the in vitro colony-stimulating 
assay of Metcalf, D. , J Cell Physiol (1970) 2iJS9. The 

20 presence of CSF-1 in this system results in the 
formation of predominantly macrophage colonies. Another 
assay is increase in cell proliferation, as measured by 
•^H thymidine . incorporation in a CSF-l-deperident "cell 
line such as the mouse macrophage line BAG, In "another 

25 form of this assay, a colorimetric detection system 
based "on the reduction of the tetrazolixim salt, MTT, can 
be used. The CSF-1 dimers resulting from the process of 
the invention are active in such assays and are 
essentially free of other proteins produced by the 

-0 bacteria. 

Importantly, the CSF-1 preparations are 
clinically pure. They are substantially free of 
endotoxin, having less than about 1.0 ng endotoxin/mg of 
CSF-1 as assayed by the standard limulus amebocyte 
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lysete (LAL) assay, Associates of Cape Cod, Inc., Woods 
Hole, MA. Further purification may be desired, but 
preparations of approximately 95% or more purity in 
CSF-1 protein, as determined by SDS-PAGE, are obtained 
5 by the method of the invention. Further, the specific 
activity is approximately equivalent to or higher than 
that of the native protein. 

D. Pharmaceutical Composition's — 

10 The refolded and clinically pure CSF^l 

preparations can then be formulated - for administration 
by conventional protocols and regimens,. preferably 
systemic, including intravenous administration. The 
compositions may include conventional excipients, such 

15 as water f or . inject ion, . buff ers , solubilizing agents, 
and stabilizers, as is known in the art, A summary of 
formulation techniques for pharmaceutical compositions, 
including protein, is found, for example, in Remington' s 
Pharmaceutical Sciences , Mack Publishing Co., Easton, 

20 PA, latest edition. 

E. Heterodimer Format ion 

It should be noted that the process of the 
invention permits the formation of heterodimers from 

25 among various monomer ic units of CSF-1. For example, 
the large number of CSF-1 proteins formed by variations 
in C-terminal processing provides a variety of starting 
materials which can be utilized in dimer formation. 
Thus, novel heterodimer ic materials can readily be 

30 formed. For example, the monomer ic form of SCSF/CVISO, 
along with the monomer ic form of LCSF/C7190, can be 
mixed and treated according to the method of the 
invention; the heterodimer can then be separated from 
the homodimer side products by various chromatographic 
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methods. Similar mixtures subjected to the method of 
the invention lead to heterodimers of components having 
.amino acid substitutions — e.g., glu52 LCSF and 
LCSF/C7190 . 

5 The differing monomers may be mixed in vitro 

or produced in the same cell* If produced in the same 
cell^ a construct for expression of each monomer is 
introduced into the same host; in such embodiments, it 
is preferred that ea'ch con'S^ruct bear a different marker 
10 (such as Tc^ and Amp^) . so-^that cotransformed . hosts are 
selected. The cotransformed cells are then grown and 
induced to obtain mixtures of the two forms. 

Examples 

15 The following examples are intended to 

illustrate, but not to limit, the invention. 

Example 1 

20 This example describes the recovery of 

purified, biologically active protein expressed from a 
construct encoding aspsgSCSF/CVlBO in E, coli under 
control of the promoter in a vector constructed as 

described in European Patent Application No.. 87309409.8, 

25 filed 23 October 1987, assigned to the same assignee and 
incorporated . herein by reference. The protein is 
produced in a monomeric, insoluble form intracellular ly . 

An S . coli X lyscgen, DG116> transformed with 
the plasmid over-expresser (0/E) pPLSCSFasp59/C7150 , 

30 CMCC cell line deposit no. 2948, were grown in a 10 1 
fermenter in basal medium containing 72 mM (NH4)2S04, 20 
mM KH2PO4,. 2.0 ml/1 TK9 , with sterile additions of 10 
g/1 glucose, 3.0 mM MgS04°7K20, 72 yM FeS04 , 20 mg/1 
thiamine ''HCl , and 50 mg/1 amp ic ill in. 
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The cells were grown at 30*C to ODgeOnm of 1-2; 
casamino acids were added to 2%; and then CSF-1 
expression was induced by shifting to 42°C. The cells 
were then grown for 3 more hours to a final ODgsOnm 

of 

5 16.5. 

■ The cells were harvested by centr if ugat ion and 
homogenized using 30 min sonication at 4*^0. The 
homogenate was- then centrifuged and the cell debris 
retainedi-.- The debris contained the insoluble protein, 
lO" w^hich was_ resuspended in 30% sucrose and centrifuged at 
15,000 X g for 10 min at 4^0 to enrich for the insoluble 
protein. 

The pellet from the cent r i f ugat ion was 
solubilized in 7 M guanidine HCl in 0.1 M sodium 

15 phosphate, pH 7, containing 50 mM' DTT and 5 mM EDTA for 
30 min. The suspension was then heated to 40°C for 5 
min and the supernatant recovered after centr i f ugat ion . 
The recovered supernatant was loaded onto a 90 x 2.6 cm 
Sephacryl (S-200) column equilibrated in the same 

20 buffer, but containing 2 mM DTT rather than 50 mM. The 
column was run using the same buffer, and the protein 
concentration was monitored by 280 nm adsorption with 
the results shown in Figure 1. The majority of the 
bacterial proteins were separated from CSF-1, which was 

25 recovered as a 17 kd. peak representing approximately 80% 
pure CSF-1 monomer. 

The CSF-1 pool was then diluted to 0.25 mg/ml 
protein in a corresponding buffer containing 7 M 
guanidine hydrochloride,. 50 mM Tris, pH 8.5, and 5 mM 

30 EDTA which contained a redox system, consisting of 2 mM 
reduced glutathione (GSH) and 1 mM oxidized glutathione 
(GSSG). To refold the partially purified CSF-1, the 
pool from the S-200 column was dialyzed against this 
buffer (containing 7 M guanidine hydrochloride and 
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GSH/GSSG) , end then allowed to fold by slowly adding a 
solution of 50 mM Tris, . pH 8.5, 5 luM EDTA,. and the 
GSH/GSSG in 0.1 M NaCl to" the dialysis vessel. The 
addition was' carried out at 4°C over 48 hr until the 
final guanidine concentration was approximately 0.2 M. 
The dialyzate at this point contained dimeric CSF-1, 
which was loaded - direct ly onto a Sepharose 12 molecular 
sizing column equilibrated in phosphate-buffered saline 
for further purification. . Elution was again followed by 
280 nm absorption. . The elution pattern is shown in 
Figure 2. Before exposure to refolding conditions, the 
CSF-1 eluted as would be expected for the monomer 
(Figure 2a); however, when the protein was exposed to 
refolding conditions at 0.3 mg/ml, as described above 
(or, alternatively, at 0.1 mg/ml), results show the 
formation of the dimer-sized material, as indicated in 
Figures 2b and 2c, respectively. 

The dimeric product chromatographed as a 
single peak on reverse-phase HPLC, as shown in Figure 
3b. The dimeric product is over 90% a single species on 
RP-HPLC (see Figure 3b) and shows satisfactory stability 
and full biological activity. With respect to other 
proteins the CSF-1 is shown to be over 95% pure by 
reducing and non-reducing SDS-PAGE analysis (Figure 7). 
Results for the S-200 pool starting material before 
refolding, shown in Figure 3a, indicate a predominance 
of monomer (which elutes as two major peaks of CSF-1). 
However, the single dimer peak illustrated in Figure 3b 
was shown to consist of two major components following 
re-reduction to the monomer (Figure 3c) as separated by 
RP-HPLC.. 

The protein product was characterized for 
solubility by UV-visible spectroscopy. Spectra were 
recorded at 30-min intervals following dilution of the 
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purified dimeric pool in phosphate-buffered saline, as 
shown in Figure 4. As shown in panel A, over a 2-hr 
period the spectrum of the final product remained 
constant, indicating that the refolded protein was 
5 stable and soluble under physiological conditions. In 
contrast, a similar spectral analysis on the monomeric 
starting material, shown as panel B in Figure 4, at 90- 
sec intervals showed that the protein was unstable and 
rapidly formed insoluble, light-scattering aggregates. 

10 The purified dimeric material prepared above 

was assayed in the mouse bone-marrow colony assay in 
duplicate, along with a "control" consisting of purified 
recombinant CSF obtained from a gene of similar sequence 
(SCSF) expressed as an active secreted molecule of 

15 approximately 158 amino acids in the mammalian cell line 
CV-1* The refolded E, coli CSF-1 has a mouse bone 
marrow assay specific activity (in U/mg) of 2-4 x 10^, 
as compared to about . 3 x 10*' U/mg for CSF-1 obtained 
from CV-1 cells. The purified unrefolded starting 

20 material^ had a specific activity approximately IQOO-fold 
lower. (The mouse bone marrow assay was described by 
Moore, R., et al, J Immunol (1983 ) 131 : 2397 and by 
Prystowsky, M. , et al. Am J Pathol (1984) 114 tl49. Human 
CSr-1 shows about 10-fold greater activity in a murine 

25 bone marrow assay as compared to activity in a human 

bone marrow assay. ) 

Native CSF-1, purified from MIAPaCa cells had 
a mouse bone marrow assay specific activity of 4-8 x 
10*^ U/mg. 

30 The circular dichroism (CD) spectrum of the 

refolded E. coli protein was essentially identical 
within experimental error to that of "naturally folded" 
. CSF-1 from CV-1 cells. 
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Twenty grams of frozen E. coli DG116 paste- 
from cells expressing a construct encoding 
asp5gSCSF/C7150 under control of the Pl promoter were 
resuspended in 200 ml of 50 mM Tris, 10 mM EDTA (pH 8.5) 
and sonicated for 30 min in an ice bath^ 60% pulse, 
intensity of 9. 

The cell debris was retained following 10 m-tn 
X 15,000 X g centrif ugat ion. The cell debris was' 
resuspended in 200 ml of 30% sucrose (in 10 mM EDTA^- pH " 
8.0) and sonicated 3 min to break up clumps and free 
insoluble protein. The suspension was then centrifuged 
for 15 min x 15,000 x g, and the pellet was retained. . 

The sucrose-purified insoluble protein was 
then solubilized in 15 ml of 0.45 u -filtered 7 M 
guanidine HCl (GuHCl) , 0.1 M sodium phosphate, 5 mM 
EDTA, 50 mM DTT (pH 7.5-8-. 0) for approximately 15 min 
and then heated to approximately 37-40°C for 10 min to 
insure, reduction of disulfide bonds. The solubilized 
material was then centrifuged for 10 min x 15,000 x g. 

Six to ten ml of the clarified, solubilized 
CSF-1 was loaded onto a 2.6 x 95 cm S-200 column 
equilibrated in f ilter-ster ilized S-200 buffer (7 M 
GuKCl, 0.1 M sodiiim phosphate^ 5 mM EDTA, 2 mM DTT, pH 
6.8) and sized overnight at room temperature at 
1 ml/min. The protein eluted as a well-resolved peak, 
and. when pooled, ' contained 40-70 mg of protein at about 
1.2-1.5 mg/ml (40-60 ml). 

The protein • content was determined by 
absorbance at 280 nm, assuming that 1 A28O equals 
1 mg/ml. The solution was' then diluted to 0.1-0.15 
mg/ml protein, 0.5-0.7 M GuHCl, in buffer-containing 50 
mM Tris (pH 8.5), 100 mM NaCl, 5 mM EDTA, 2 mM reduced 
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glutathione (GSH) , 1 mM oxidized glutathione (GSSG) , by 
addition of the appropriate buffer to the protein 
solution and letting it sit 24 hr at 4*'C. 

Solid amiBonium sulfate was added to 1.2 M 
5 final concentration and the pH was then adjusted to 7.0. 
At this point a precipitate formed which contained 
incorrectly folded forms of CSF-1. This can be at least 
partially recovered and recycled (see below). The CSF-1 
preparation was then prepared -for further removal of 

10 pyrogens/endotoxins and residual contaminants on a 
phenyl-TSK column. All buffers and reagents are 
prepared pyrogen-f ree . The CSF-1 preparation was 
centrifuged 10 min x 15,000 x g and filtered through a 
0.45 \i filter (500 ml) disposable unit before being 

15 pijmped onto a phenyl-TSK HPLC column equilibrated in 1.5 
M ammonium sulfate, 0.1 M sodium phosphate. (pH 7.0) run 
at 

After loading the CSF-1, the column was washed 
for 30 min. The protein was then eluted with a 45-min 
20 gradient of decreasing ammonium sulfate, increasing 
ethylene glycol B buffer (B buffer = 60% ethylene 
glycol, 0.01 M sodium phosphate (pH 7.0)). The CSF-1 
protein eluted at approximately 0.6 M ammonium sulfate, 

35% ethylene glycol. 
25 The first major peak that eluted was 

biologically active, dimeric CSF-1. The CSF-1 peak was 
pooled and then extensively dialyzed against 5% 
mannitol, 25 mM sodiiam phosphate (pH 7.4), filter 
sterilized, and stored at 4°C. Endotoxin content varied 

30 from 0.1-1 ng/mg. 

In a similar manner, E. coli protein produced 
under control of the Pl promoter from DNA encoding 
asp59SCSF/N72C7150, asp5sSCSF/NV3C7150 , N73C7158, 
LCSF/C7190, and LCSF/CV221 was refolded and purified. 
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The final preparations contained 6-15 mg of purified 
CSF-1 with an approximate overall yield of 15-30%, and a 
specific activity of 5-10 X lo"' U/mg in the mouse bone 
marrow assay (using A28O assuming a value^ of 1.0 

5 corresponds to 1 mg CSF-1 per ml). The preparations 
also have approximately the same specific activity in 
human bone marrow assay as purified native MIAPaCa 
CSF-1. 

10 Example .-3- =- • 

Direct Refolding of Solubilized Refractile Bodies 

Sucrose-purif ied, solubil ized aspsgSCSF/CVlSO 

refractile bodies were prepared as in Example 2, and had 
15 a protein concentration of 20 mg/ml. For refolding, the 

protein concentration was decreased by diluting to 1.5 

mg/ml aspssSCSF/CVlSO- (total CSF^l was 38 mg) in 7 M 

GuHCl, 0.1 M sodium phosphate (pH 7.0), 5 mM EDTA, 1 mM 

DTT. Refolding was initiated by diluting tenfold to 
20- 0.15 mg/ml in 50 mM Tris (pH 8.5), 100 mM NaCl, 5 mM 

EDTA, 2 mM GSH, and 1 mM GSSG (same refolding buffer as 

above) at 4°C and allowed to proceed 24 hr. 

Approximately 35% of the CSF-1 monomer 

refolded into dimeric form (based on the known retention 
25 time of dimeric CSF-1) as detected by RP-HPLC. The 

purity of the refolded dimers was estimated to be about 

63% by RP-HPLC. 

Example 4 

30 

Recycling AogreQates 

The precipitate described in Example 2 
presumably contains incorrectly folded forms of CSF-1. 
When formed from refolding of about 38 mg of protein, it 
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constituted about 10 mg of pelletable precipitate. This 
precipitate was dissolved in the S-200 buffer containing 
7 M GuKCl and 2 mM DTT (described in Example 2), The 
suspension was heated at 37°C for 15 min to reduce any 
5 disulfide bonds, and the resulting clear solution was 
cooled to 4^C. The solution was then diluted to 0.7 M 
GuHCl in refolding buffer and allowed to refold, as 
described above. Amiuoniuin sulfate was then added and 
the CSF-1 refolded dimer was purified from the resulting 

10 solution to "remove pyrogens/endotoxins by phenyl-TSK 
HPLC as described above. This yielded over 3 mg of 
soluble, dimeric CSF-1. 

This recycling process, when carried out at 
larger scale, is expected to significantly improve the 

15 overall yield of the process for producing refolded 
CSF-1. 

Example 5 

20 E. coli strain DG116 was transformed with 

plasmid vector pLCSF221A, a plasmid containing the gene 
encoding asp5gLCSF/N73CV221 . The -transformed E. coli 
strain DG116 was deposited with the American Type 
Culture Collection under accession no. ATCC 67390, on 14 

25 April 1987. The transformed host was grown in a 100 1 
standard air-sparged Rushton turbine fermenter in basal 
medium containing 96 mM (NK4)2S04, 28 mM KH2PO4 , 4 mM 
Na3 citrate°2 H2O, 1.7 ml/1 TK9 (30 mM 2nS04 , 30 mM 
MgS04, 1 mM CUSO4 ) , with sterile additions of 6.5 g/1 

30 glucose, 2.2 mM MgS04''7 H2O, 95 um FeS04*'7 H2O and 
26 mg/1 thiamine® HCl at 30°C until an ODesonm of 10 was 
reached. The culture was then induced by temperature 
shift to 37°C with concurrent sterile additions of 
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casamino acids to 2,3% (v/v) final concentration and 
MgS04°7 H2O to 1 . 7 mM final concentration. . 

Four hours post-induction, the cells were 
harvested by five-fold concentration and diafiltered 
against 10 volumes of 5 mM EDTA, pH 8.5, using Dorr- 
Oliver tangential cross-flow microporous filtration* The 
cells were disrupted by three passes at 7,500 psi in a 
Manton-Gaul in high pressure mechanical cell homogenizer, 
l-Octanol was added to 0.1% (v/v) .and the homogenate 
held overnight at 4®C. . * " 

The homogenate was made 25% sucrose by 
addition, of a 63% w/v sucrose solution. The insoluble 
protein fraction (refractile bodies) was separated from 
cell debris by continuous flow disk stack centr if ugat ion 
(Westphalia SB7) at 9000 x g, 1 liter/minute and 4-6''C. 
The wet pellet was mixed 50:50 (w/v) in deionized water 
and stored at -20°C in 45 g aliquots. 

Ninety . grams refractile body suspension was 
thawed at room temperature and homogenized in 200 ml 0.1 
M Tris, pH 8.5,. containing 25 "mM EDTA and 10 mM DTT 
using a Tekmar tissumizer for 1 minute at 50% speed. The 
suspension was adjusted to 1 liter 8 M urea, '2 mM DTT, 5 
mM EDTA and 20 mM Tris, pH 8.5 and stirred for 
approximately 30 minutes at room temperature. Insoluble 
debris was removed using a 1 sq. ft. 0.8-0.2 ym 
Sartorius disposable membrane filter cartridge. 

Following filtration, the suspension 
containing reduced CSF-1 monomer was partially purified 
by DEAE chromatography. Sample at an A28O of 10 (500 
ml) was applied to each of two 5 x 45 cm DEAE Sepharose 
fast flow columns equilibrated in 0.1 M Tris, pH 8.5. 
Each column was developed using a 3600 ml, 0-0.4 M NaCl 
gradient in 4 M urea, 0.1 M Tris, pH 8.5, 5 mM EDTA, and 
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2 mM DTT. Based on the assumption that 1 A2SO equals 
1 mg/ml, 4.5 g of protein were recovered, 

DEAE purified CSF-1 monomer was cooled to 4°C 
and diluted 1:10 in pre-chilled 50 mM Tris, pH 8,5, 
5 containing 5' mM EDTA, 2 mM reduced glutathione, and 1 mM 
oxidized glutathione . to a final estimated protein A28O 
absorbance of 0.2. Although initial dimer formation was 
essentially complete within 24 hours as judged by SDS- 
PAGE, the refolding mixture (22.5 liters) was held for 

10 five days at 4°C to maximize yield of CSF-1 dimer with 
the correct conformation. The conformation of dimeric 
CSF-1 in the refolding mixture was assessed by reverse- 
phase HPLC. Using a C4 column and a 35-55% acetonitrile 
gradient, dimeric CSF-1 eluted as two discrete species; 

15 stable active CSF-1 was the more hydrophobic. This 
stable, active CSF-1 species represented 65% of the 
protein after five days incubation. 

Reduced and oxidized glutathione were removed 
by diaf i 1 trat ion against 20 mM sodium phosphate, pH 7, 

20 and the protein concent rated . to an A28O absorbance of 
1.2 using an Amicon 10 sq. ft. PMIO hollow fiber 
cartridge. Ammonium sulfate was added to the 

diafiltered material to a concentration of 1.2 M. 
Precipitated unstable conformer (the less hydrophobic 

25 species detected by . reverse-phase KPLC) was removed by 
filtration. The filtrate (2 g stable dimeric CSF-1) was 
applied to a 5 x 20 cm bed of fast flow phenyl Sepharose 
equilibrated in 1.2 M ammonium sulfate containing 
0.0025 M sodium phosphate, pH 7.0, and eluted in 6 hours 

30 in a simultaneously decreasing (0.72 M to 0 M ammonium 
sulfate) and increasing (24% to 60% v/v ethylene glycol) 
gradient of 1500 ml in 0.01 M sodium phosphate buffer, 
pH 7.0. Dimeric CSF-1 eluted at approximately 30-35% 
ethylene glycol and was well separated from tetrameric 
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CSF-1 and endotoxin, both of which eluted later. Dimeric 
CSF-1 was diafiltered against 20 mM sodium phosphate, pH 
7.5, and concentrated to an A28O c>f 10 using a 1 sq. ft. 
Amicon spiral cartridge (YMIO). The recovery was 1.3 g 
5 stable dimeric CSF-1 based on A280* CSF-1 produced had a 
biological activity of about 6 x 10' U/mg using an 
CSF-l-dependent cell proliferation essay to. determine 
activity. The final product was 98.6% dimer and 93% 
reducible dimer,. determined by nonreducing 'and reducing 
10 SDS-PAGE analysis. The endotoxin content was 0.01 ng/mg 
of CSF-1 as determined by LAL assay and A28O 

Example 6 

15 DEA.E Chromatography FollowinQ Refolding 

An E. coli strain KW22, transformed with the 
plasmid pJN653. containing the asp5gSCSF/NV3CV158 gene' 
was -grown in a 10-liter fermenter in the same medium 
described in Example 5. The cells were grown at 30°C to 

20 an absorbance at 680 nm of 10, and casamino acids were 
then added to 2%.: CSF-1 expression was induced by 
shifting the temperature of the culture to 37°C. After 
4 hr the absorbance at 680 nm reached 79; the cells were 
harvested, homogenized and refract ile bodies were 

25 prepared as described in Example 5. 

Twenty-five grams of refract ile body 
suspension (approximately 390 g of protein) were 
solubilized in 250 ml of 8 M urea containing 25 mM Tris, 
10 mM sodium phosphate buffer (pH 8.4), 1 mM EDTA. and 4 

30 mM DTT. After 2 hr at room temperature, the solution was 
clarified by centr if ugation at 15,000 x g for 15 min. A 
150 ml aliquot of the solubilized CSF-1 was then loaded 
onto a 5 X 8 cm DEAE-Sepharose (Pharmacia) column 
equi 1 ibrated . in 6 M urea containing 25 mM Tris and 10 mM 
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sodium phosphate buffer (pH 7.0). The coliamn was washed 
with 1 bed volume of the above solution which had been 
modified to contain 1. mM DTT and 1 mM EDTA, and the 
CSF-1 was then eluted with a 1.4 1 salt gradient of 
5 0-0.6 M sodium chloride in the wash buffer. The CSF-1 
peak eluted at approximately 0.06 M sodium chloride. 
The remaining 90 ml of solubilized refractile bodies 
were then purified' over the DEAE-Sepharose coltunn in 
identical fashion. The combined CSF=-1 pools (165 ml) 
10 contained approximately 250 mg of protein at a purity of 

approximately 50%. 

The CSF-1 was then refolded by diluting the 
DEAE pool 10-fold into refolding buffer containing 50 mM 
Tris (pH 8.5), 5 mM EDTA, 2 mM reduced glutathione, 1 mM 

15 oxidized glutathione, precooled to ^"C. The CSF-1 was 
allowed to refold for 30 hrs at 4''C. The pH of the 
refolded CSF-1 was adjusted to 6.8 using. 8 . 5% ;phosphor ic 
acid solution. The solution was clarified by 

centrifugat ion for 10 min at 15,000 x g and loaded onto 

20 a 5 X 4 cm- DEAE-Sepharose column pre-equi 1 ibrated in 
10 mM sodium phosphate, 25 mM Tris (pH 6.8). The column 
was washed with 300 ml of this buffer and eluted with a 
700 ml 0-0.6 M sodium chloride gradient in the same 
buffer system. The CSF-1 eluted at approximately 120 mM 

25 sodium chloride. Ammonium sulfate (4 M stock, pH 7.0) 
was added to the 95 ml DEAE pool to a final concentra 
tion of 1 M. The CSF-1 was filtered through a Nalgene 
0.45 micron filter and loaded (at 4°C) onto a 21.5 x 
150 mm Bio-Rad TSK Phenyl-5-PW column equilibrated in 

30 depyrogenated 1.5 M ammonium sulfate and 0.1 M sodiiam 
phosphate (pH 7.0). The column was washed with two bed 
volumes of this loading buffer and eluted in 0.1 M 
sodium phosphate (pH 7.0) using a 45-min gradient in 
which the ammonium sulfate concentration decreased from 



1.5 M to 0 M and the ethylene glycol concentration 
increased from 0-60%. All operations were carried out 
at 4°C under essentially pyrogen-free conditions. The 
CSF-1 eluted at approximately 0.6 M ammonium sulfate in 
30% ethylene glycol. The CSF--1 was extensively dialyzed 
into 10 mM HEPES buffer (pH 7.5) containing 150 mM 
sodixam chloride and filter sterilized through a Millex 
0.45 micron filter. 

Approximately 50 mg of" purified aspsgSCSF/NV 3 
CV158 CSF-1 was. obtained." - The- fdnal-^- GSF*-1 • product was 
greater than 90% single species by SDS-PAGE analysis and 
approximately S6% pure by RP-HPLC in acetonitr i le/TFA. 

Q 

The specific activity was 1.7 x 10° u/mg (units 
determined as colony forming units equivalents using a 
CSF-l-dependent cell line, and protein concentration 
determined using A280nm assumed extinction 

coefficient of 1.0). This specif ic. activity is at least 
equivalent to, if not greater than, that of native Mia 
PaCa CSF-1. The endotoxin content, determined by LAL 
assay was 0.5-1 ng/mg of CSF-1. 

Example 7 . 

An alternative purification method was used to 
process a refolding reaction of LCSF/NV3 C7221 prepared 
according to method of Example 5 up to and including the 
refolding step. In this modified method, the refolded 
CSF-1 was directly loaded onto an anion exchange column. 
At pH 6.8, the redox system reagents flowed directly 
through the anion exchange column, while the CSF-1 
remained bound and concentrated on the column. In this 
manner, the CSF-1 was separated from the redox, system at 
a pH where thio-disulf ide exchange reactions were 
minimized, thus preventing the significant oligomer 
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formation that was found to occur if this step was 
performed at higher pH (8,5). 

Five ml of refolded CSF-1 (1 mg total protein 
from the refolding reaction described in Example 5) was 
5 directly loaded onto a 7.5 x 75 mm Bio-Rad TSK DEAE-5-PW 
column after lowering the pH of the refolded CSF-1 to 
6.8 using a 1 M phosphoric acid solution. The DEAE 
column had been equilibrated in 10 mM sodium phosphate, 
25 mM Trijs (p1H 6.8 H'" After loading the CSF-1, the 

10 column was washed wilrhr-two bed volumes of this buffer 
and then eluted with a 45 min 0-0.6 M sodium chloride 
* gradient in the same buffer. The column separated 
dimeric CSF-1 from monomeric and oligomeric forms of 
CSF-1 (as determined by nonreducing SDS-PAGE and Western 

15 analysis of the DEAE fractions). The yield of dimeric 
CSF-1 was approximately 70%. This is a 5-fold greater 
yield than that obtained when the same purification was 
performed at pH 8.5. Subsequent to this DEAE- 

purification step, the CSF-1 would be purified away from 

20 contaminating endotoxins and the unstable form of the 
CSF-1 dimer as described in Example 6, beginning with 
the ammonium sulfate addition which precedes the phenyl- 
Sepharose step. 

25 • Example 8 

An alternative method for the refolding of 
CSF-1 has been utilized. -Plasmid pLCSF221A was induced 
in E, coli and the expressed protein processed in 
30 substantial accordance with the teaching of Example 5 
with some modifications. Fcr example, the harvested 
cells were diafiltered against 5 mM EDTA with no pH 
adjustment. A.fter the second pass through the 

homogenizer, the pH was adjusted to 6 with acetic acid. 
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In cddition, air oxidation vas relied upon for formation 
of disulfide bonds during refolding of the CSF-1 
molecule. 

DEAE-purif led CSF-1 monomer vas diluted to a 
final concentration of 0.2 mg/ml in 50 mM Tris pH 8.5, 5 
mM EDTA, and refolded for 4 days at 4°C in the presence 
or in the absence of the glutathione redox system. The 
refolded* proteins were further purified in substantial 
accordance— v-i-tn the procedures described in Example 5, 
again with some modification. The. refolded dimeric 
mixture vas diafiltered end concentrated to an OD of 1. 
After the ammonium sulfate precipitation, the sample vas 
applied to a* phenyl-Sepharose fast f lov column and then 
eluted in a decreasing (0.78 to 0,18 M ammonium sulfate) 
gradient of 1600 ml in -O.Ol M sodium phosphate buffer (pH 
7). The dimer elutes at "^0.6 M ammonium sulfate. 
Lastly, the dimeric CSF-1 vas diafiltered against 0.568%* 
sodixam citrate and 0.645% NaCl at pH 7. In the absence- 
of the glutathione redox system, the diaf i Itration step 
required for glutathione removal may be omitted. 

Final products from. the refoldings done in the 
presence. • or in the absence of a redox system vere 
compared by SDS-PAGE, RP/KPLC, isoelectric focusing and 
bioassay. Similar molecular veights and purities (S5% 
by densitometry scanning) under both reducing and 
non-reducing conditions of 12% SDS-PAGE visualized by 
Coomassie staining vere. observed for both refolded 
samples. Reverse-phase KPLC analysis vas also used to 
compere the refolding kinetics after 5 or 12 days of 
CSF-1 refolding in the presence or absence of the 
glutathione redox system. These samples vere 

immediately run on a C4 Vydac column vith a 35-55% 
acetoni t r i le , 0.1% TFA gradient elution developed over 
30 minutes. Both systems resulted in tvo major dimeric 
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species having similar retention times and which 
appeared to be in a relatively stable equilibrium over 
the time period analyzed. Phast (Pharmacia) isoelectic 
focusing (lEF) gels of 1.0 yg each of the refolded CSF-1 
preparations showed similar ionic patterns, containing a 
major ionic species with a pi of approximately 4.7 and a 
slightly more acidic minor species. Both spontaneously 
refolded CSF-1 and CSF-1 refolded using the redox system 
had specific activities of 1*2 x 10^ U/mg in the NSF-60 
cell -proliferation assay. Thus the CSF-1 produced by 
these two refolding systems appeared to be essentially 
identical in product purity and biological activity, as 
assayed by the criteria described. Overall yields were 
also comparable for the two processes. 

In addition to deleting the di af i 1 1 rat ion step 
for glutathione removal, the concentration step may be 
replaced by an alternative purification step in which 
the large volume, of refolded dimer CSF-1 is directly 
applied to a second anion exchange . column for 
concentration prior to ammonium sulfate precipitation 
and subsequent purification by hydrophobic interaction 
chromatography. 

Example 9 

CSF-1 constructs in which certain cysteines 
have been changed to serines have also been successfully 
refolded. These refolded proteins are fully act ive . in 
vitro , but have slightly different RP-KPLC retention 
times. For example, the double-ser ine construct, 
seri57seri59LCSF/N73CV221 , was refolded using the 
procedure described in Example 5, and this resulted in a 
CSF-1 preparation which displays a single peak on 
RP-KPLC. When either of the s ing le-ser i ne constructs. 
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seri57LCSF/NV3Cy221 or seri55LCSF/N73CV221 , were 
refolded, a modified refolding protocol vas required in 
order to obtain a product which was homogeneous when 
analyzed oh RP-KPLC. These two products both eluted 
with a later . retention time than the 

seri57seri59LCSF/NV3CV221 refolded product,. yet were 
again fully active in vitro , 

E. coll strain DG116 was transformed with 
either the plasmid vector pLCSF221B or — pLCSF5-21C, 
plasmids containing the gen encoding seri57LGSF/NV3C7221 
or seri59LCSF/NV3CV221 ^ respectively. These two E> coli 
strains were grown in shake flasks at 30°C in 500 ml of 
the same medium desribed in Example 5 (final Assonm of 
0,2) • CSF-l expression was induced by shifting the 
temperature of the culture to 42*^0. After 4 hr, the 
culture was harvested by centr if ugat ion and the cells* 
resuspended in 30 ml. of 50 mM Tris buffer (pH 8.5), 5 mM 
EDTA, The cells were lysed by sonciat ion ' arid the cell 
debris retained following centrif ugat ion. Refractile 
bodies were then isolated by resuspending the cell 
debris in 30% sucrose and pelleting the refractile 
. bodies by centr if ugat ion. The refractile bodies were 
solubilized in 10 M urea, 10 mM Tris (pH 8.5), 1 mM 
EDTA, and 5 mM. DTT. Insoluble material was removed by 
centr if ugat ion, followed by filtration through a 0.2 
micron Millex filter* The CSF-l monomers were then 
purified from the filtrate, using ion exchange 
chromatography on a Bio-Rad TSK DEAE-5-PW column (7.5 x 
75 mm) equilibrated in 6 M urea, 10 mM Tris (pH 8.5) 
containing 1 mM EDTA and 1 mM DTT. The CSF-l was eluted 
with a 45 min, 0-0.4 M sodium chloride gradient. CSF-l 
eluted early in the gradient as the single, major 
protein peak. The protein was pooled and the absorbance 
at 280nm determined. The CSF-l was refolded by diluting 
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into a solution containing 50 mM Tris (pH 8.5), 5 naM 
EDTA, 2 ttlM reduced glutathione, and 1 mM oxidized 
glutathione to a final A280nm value of 0.2 as calculated 
from the undiluted DEAE pool A280nm absorbance. The 
^ CSF-1 was allowed to refold for 48 hr at 4°C. 

At this point an additional oxidation step was 
added to the refolding protocol in order to obtain a 
product which was essentially homogeneous by RP-HPLC 
analysis* The reTolded CSF-1 protein was dialyzed at 
^° 4°C for 24 hr in 0.4 M urea, 50 mM Tris (pH 8.5), 5 mM 
EDTA containing only reduced glutathione (2 mM) . This 
step may remove glutathione bound to the protein through 
a mixed disulfide. 1 M phosphoric acid was then used to 
adjust the pH to 6.5, thereby decreasing the rate of 
thio-disulf ide exchange. The CSF-1 was purified by ion 
exchange chromatography on a Bio-Rad TSK DEAE-5-PW 
column equilibrated in 10 mM soditim phosphate, 25 mM 
Tris buffer (pH 6.5). This step removes residual, 
glutathione and further purifies the protein. The 
2^ protein was eluted with a 45 min, 0-0.6' M sodium 
chloride gradient. The refolded, CSF-1 dimer pool was 
then subjected to cupric chloride oxidation using a 
modification of the method taught in U.S. Patent No. 
4,572,798, which patent is incorporated herein- by 
reference. The CSF-1 was diluted to 0.2 absorbance 
units (A280nm) ^0 ^ sodioom phosphate, 25 mM Tris 

buffer (pH 6.5) and treated with 50 micromolar cupric 
chloride for 2 hr at room temperature. 

The oxidized CSF-1 dimer was found to be 
soluble in 1.2 M ammonium sulfate. Further purification 
by hydrophobic interaction chromatography on a 
phenyl-Sepharose column as described in Example 5 may be 
performed. 
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Modifications of the above-described 
embodiments for carrying out the invention that are 
obvious to those of skill in the fields of biochemistry, 
especially protein purification and related fields, are 
intended to be within the scope of the following claims. 
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The embodiments of the invention in which an 
exclusive property or privilege is cla imed . are defined 
as follows: 

1, A method to obtain purified, biologically 
active CSF-1 dimer from the product of a CSF-^^l gene 
recombinant ly expressed in bacteria, vhtich method 
compr ises : 

(a) recovering in a chaotropic env i ronment 
and under reducing conditions, the reduced monomeric,, 
solubilized form of said CSF-1 product from bacterial 
cells ; 

(b) refolding, including formation of CSF-1 
dimer, the monomer of (a) under refolding conditions; 
and 

(c) purifying the refolded, dimerized. CSF-1 

of (b). 

2. The' method of claim 1 which further 
includes the step of purifying the reduced monomeric 
form of (a) by a process selected from the group 

consisting of: 

(i) sizing gel chromatography; 

(ii) ion-exchange chromatography; and 

(iii) hydrophobic interaction chromatography. 
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3, The method of claims 1 or 2 wherein the 
product of CSF-1 gene expression is an insoluble CSF-1 
protein and wherein the method further includes the step 
of isolating insoluble protein containing CSF-1 and 
solubilizing the insoluble protein to obtain the 
monomeric CSF-1 of (a). 
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4. The method of claim 2 wherein the 
refolding conditions of (b) comprise dilution of the 
chaotropic environment wherein disulfide bonds are 
formed through air oxidation. 

5* The method of claim 1 wherein the 
refolding conditions of (b) comprise dilution of the 
chaotropic environment in the presence of- a redox 
system. 

6. The method of claim 5 wherein the method 
further includes the step of diaf i Itrat ion . to remove the 
redox system prior to- the purification step Cc). 

15 7. The method of claim 1 wherein the dimeric 

form of (c) is purified by one or more of the processes 
selected from the group consisting of:..- - - 

- (i) sizing gel chromatography; 
(ii) ion-exchange chromatography; 
20 (iii) affinity chromatography; and 

(iv) hydrophobic interaction chromatography. 

8, The method of claim 7 wherein the ion- 
exchange chromatography utilizes" DEAE Sepharose 

25. chromatography at about pH 5, 5 to about 7.0. 

9. The. method of claim 8 wherein the protein 
is further purified by hydrophobic interaction 
chromatography utilizing pheny 1-Sepharose or phenyl-TSK. 



30 



10. The method of claim 3 wherein said 
solubilizing employs treating with a chaotropic 
environment in the presence of a reducing agent. 
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11. The method of claim 1 which further 
comprises the step of separating any insoluble 
aggregates formed from the CSF-1 protein under refolding 
conditions of (b) , solubilizing said aggregates, and 

5 subjecting said sol.ubilized aggregates to refolding 
condi t ions . 

12. The method of claim 1 wherein the-CSFrri. 
is the expression product of constructs selected from 

10 the group consisting of: aspsgSCSF/CVl 50 and the 
corresponding NV2 or NV3 analogs thereof; 

asp55SCSF/C7158 ' and the'- corresponding NV3 analog 
thereof; LCSF/C71S0; LCSF/CV221 and the corresponding 
NV3 analog thereof; seri57LCSF/CV221 , seri 59LCSF/CV22I , 
15 and seri57seri59LCSF/CV221 and the NV2 or NV3 analogs • 
thereof . 

13. The method of claim 1 wherein the CSF-1 
is the expression product of constructs selected from 

20 the group consisting of: aspsgSCSF and the N72 or NV3 
analogs thereof; asp5cSCSF/C71 58 and the corresponding 
NV2 analog thereof; LCSF, LCSF/C7150, LCSF/C7190, 
£eri57seri59LCSF/C7223 and the" corresponding NV2 or NV3 
analogs thereof; LCSF/C7221 and the corresponding NV2 

25 analog thereof. 

14. Dimerized, purified CSF~1 obtained by the 
process of claim !• 

30 15. Clinically pure, biologically active 

refolded CSF-1 dimer having an endotoxin content of less 
than 1.0 ng/mg of CSF-1 and substantially free of 
pyrogens which is prepared from CSF-1 produced 
recombinant ly in bacteria. 
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16. Biologically active, refolded CSF~1 dimer 
wherein the monomeric units of said dimer are not 
identical. 

17. A method to obtain a CSF-1 heterodimer, 
which method comprises subjecting a mixture of at least 
two different solubilized CSF-1 monomeric primary 
sequences- to refolding conditions and purifying ^ the 
heterodime-r ■ f rom->-rthie -refolded CSF-1' hombdirriersi 

18. The method of claim 1 wherein the CSF--1 
gene encodes LCSF-/N73C\?221 , aspsgSCSF/NVSCVl 50 , 
asp59SCSF/NV3CV158 , seri57LCSF/NV3Cy 221 , • 
seri5gLC£F/NV3CV221 , or seri57seri59LCSF/NV3CV221 . " 

19. The CSF-1 dimer of claim 15 which is 
LCSF/NV3CV221 V •asp59SCSF/NV3CV150 , ' aspsgSCSF/NVSCVlSB , 
seri57LCSF/NV3CV221, s er 159LCSF/NV3CV221 , or 

seri5 7seri59LCSF/N73C7221 . 

20. A pharmaceutical composition comprising 
the CSF-1 dimer of claim 19 in admixture with a 
pharmaceut ically acceptable excipient. 
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FIG. I 

SEPHACRYL S-200 CHROmOGRAPHY OF ASP59-SCSF/C^150 CSF-1 
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RP-HPLC ANALYSIS OF E. COLI ASPsg-SCSF/C^lSO CSF-1 
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SPECTRAL ANALYSIS OF REFOLDED rCSF-1 
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FIG. 

CCCTGCTGTTGTTGGTCTGTCrrCCTCHjCGAGCAGGAGTATCACC 44 
- 14 LeuLeuLeuLcuValCysLeuLeuAlaSe rArgSc r 1 1 eThr 

GAGGAGGTGTCGGAGTACTGTAGCCACATGATTGGGAGTGGACACCTGCAGTCTCrCCAG 104 
1 GluGluVaiScxGluTyrCj3ScrKis\lETIleGlyScrGlyHisLeuGlnSerLeuGlii 

• CGGCTGATTGACAGTCAGATGGAGACCTCGTGCCAAATTACATTTGAGTrTGTAGACCAG 164 
21 ArgLeuIlcAapSerGlnMETGlttTlirScrCysGlnllcTlirPlieGluPlieValAspGin 

GAACAGTTGAAAGATCCAGTGTGCTACCTTAAGAAGGCATTTCrCCTGGTACAAGACATA 224 
41 GluGlnLeuLysAspPioValCysTyrLcuI=.ys.LysAtaPlieLeuLeuValGlnAspIle 

ATGGACGACA.CO».TGCGCTTCAGAGATAACACCCCC-^TGCCATCGCCATTGTGCAGCTG 2 84 
61 METGluAspThrMETArgPhcArgAspAsiiThrProAsiiAlalleAlalleValGlnLett 

CAGGAACTCTCITTGAGGCrGAAGAGCrGCTTCACCAAGGATTATGAAGAGCATGACAAG 344 
81 GlnGluLeuSerLeuAigLeuLysSerCysPheThrLysAspTyrGluGluHisAspLys 

GCCTGCGTCCGAACTTTCTATGAGACACCrCTCCAGTTGCTGGAGAAGGTCAAGAATGTC 404 
101 AlaCysValArgThrPheTyrGluThrProLeuGlnLcuLeuGluLysValLysAsnVal 

TTTAATGAAACAAAGAATCTCCTTGACAAGGACrGGAATATTTTCAGCAAGAACTGi^ 4 64 
121 PheAanGIuTlirLysAsnLeuLeuAspLysAspTrpAsnllePlieSerLysAanCysAsa 

524 

TACCCCAAAGCCATL.L-Vi AUCAU i uauv-u»jvjv-v^ i v.^ i w x i <-«.^<-<^ >■ * ^ ^^ww^w — 584 

161 TyrProLysAlallcProSerScrAspProAlaSerValSerProHisGlnProLeuAla 

CCCrCCATGGCCCCTGTGGCTGGCITGACCTGOGAGGACTCTGAGGGAACTGAGGGCAGC 644 
181 ProScrMETAlaProValAlaGlyLeuTlirTrpGluAspSerGluGlyThrGluGlySer 

TCCCTCTTGCCTGGTGAGCAGCCCCTGCACACAGTGGATCCAGGCAGTGCCAAGCAGCGG 7 04 
201 SerLeuLeuProGlyGluGlnPioLcuHisThrValAspProGIySerAlaLysGlnArg 

CCA.CCCAGGAGCACCTGCCAGAGCITTGAGCCtX;CAGAGACCCCAGTTGTCAAGGACAGC 7 64 
221 ProProAxgSerTliiCysGliiSerPteGluProProGluThrPToValValLysAspSer 

ACCATCGGTGGCTCACCAC^^GCCrCGCCCCTCTGTCGGGGCCTTCAACCCCGGGATGGAG 824 
241 ThrllcGlyGlySeiPioGlnProArgProSexValGlyAlaPheAsnProGlyMETGla 

GATATTCTTGACTCTGCAATGGGCACTAArrGOGTCCCl^GAAGAAGCCTCTGGAGAGGCC 8 8 4 
261 AspIleLeuAspSerAlaMETGlyThrAsnTrpValProGluGluAl aSerGlyGluAla 

AGTGAGATTCCCGTACCCCAAGGGACAGAGCTTTCCCCCTCCAGGCCAGGAGGGGGCAGC 944 
2 81 SerGluIlcPToValPToGlnGlyThrGluLeuScTProScTArgProGlyGlyGlySer 

ATGCAGACAGAGCCCGCCAGACCCAGCAACTTCCrrCrCAGCATCTTCTCCACTCCCTGCA 1004 
301 METGlaThiGluProAl aAr gPr oS e rAsnPheLeuS e rAl a S c r S e r P r oLe uP r oAl a 

TCAGCAAAGGGCCAACAGCCGGO-GATGTA.'i.CTGGTACAGCCTTGCCCAGGGTG^^ 1064 
321 SerAlaLysGlyGlnGlnProAl aAa pVa iTh rG 1 yTh r Ai aLe uP r oAr gVa IG 1 yPr o 

GTGAGGCCC^CrGGCCAGGACTGGAATCACACCCCCCAGAAGACAGACCATCCATCTGCC 112 4 
341 ValArgProThrGlyGlaAapTrpAanHi aThr P r oGl nLy aTh rAa pHi aPr oSe rAl a 

CTGCTCAGAGACCCCCCGGAGCCAGGCTCTCCCAGGATCTCATCACTGCGCCCCCAGGGC 118 4 
361 LeuLeuAr gAapProPr oGluProGlySe rProAr g 1 1 eSe rSe rLeuArgProGlnGIy 



AACAGCriTGCTGAATGCTCCAGCCAAGATGTGGTGACC.^GCCTGATTGCAACTGCCTG 
141 AsaSeiPlieAlaGluCysSerSerGlaAspValValTlirLysProAspCysAtfnCyaLeu 
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381 
401 
421 
441 
461 
4S1 
501 
521 



CTCAGCAACCCCTCCACCCTCTCTGCTCAGCCACAGCTT TCCAGAACKTCACTCCT^ 1244 
LcuScrAsnPxoScrTlirLcuSerAlaGliiProGlnLeuSerArgSerHi sSerSerGly 

AGCGTGCTGCCCCTTGGGGAGCTGGAGGGCAGGAGGAGCACCAG^ 1304 
Sc rValLcuPxoLcuGlyGluLcuGluGlyArgAxgSe rThrArgAspArgArgSe rPro 

GCAGAGCCAGAAGGAGGACCAGCAAGTGAAGGGGCAGCCAGGCCCCTC^ 1364 
AiaGluPxoGluGlyGlyProAl aScxGluGlyAl aAl aAx g P x oLe uP x oAx g Ph eAsa 

TCCXJTTCCTTTGACTGACACAGGCCATGAGAGGCL^GTCCGACKSGATCCTCCAGCCCGCAG 1424 
SexValProLeuThrAspThrGlyHi sGluAr gOlnSe rGluGlySe r S e tSe r Pr oGln 

CTCCAGGAGTCTGTCTTCCACCTGCrGGTGCCCAGTGTCATCCTGGTCITGCT^^ 14 84 
LeuGlnGluSe rValPheHi sLeuLcuVa IProSe rVa 1 1 1 eLeuValLeuLeuAl aVal 

GGAGGCCTCTTGTTCTACAGGTGGAGGCGGCGGAGCCATCAAGAGCCTCAGAGAGCXKjAT 1544 
GlyGlyLeuLeuPheTyrArgTrpArgArgArgSerHi sG InGluProGlnArgAl aAap 

TCTCCCTTGGAGCAACCAGAGGGCAGCCCCCrGACrCAGGATGAdAGACAGGTGGAACTG 1604 
Se rPr oLeuGluGlnPr oGluGlySe rPr oLeuThrGlaAspAspArgGlnVa IGluLeu 

CCAGTGTAGAGGGAATTCTAAGACCCCTCACCATCCTGGACACACTCXiTTTGTCAATGTC 1664 
ProVa 1 . . . 

CCTCTGAAAATGTGACGCCCAGCCCCXKjACACAGTACTCCAGATGTTGTCTGACCAGCTC 1724 

AGAGAGAGTACAGTGGGACTGTTACCTTCCirGATATGGAC^GTATTCTTCTATTTGTGC 17 84 

AGATTAAGATTGC^TTAG l - i ' l 1 i 1 ILi IA ACA^CTGCATCATACTGTTGTCATATGTTGA 1 844 

GCCTGTGGTCTATTAAA^CCCCTAGTTCCA.TTTCCC\TAAA(rrrCrrcTCA^ 1904 

TCTCTACCCTGTACTTGGACAACTTAACn i i 1 1 AACCAAAGTGCAGTTTATGTTCACCT 1964 

TTGTTAAAGCCACCTTGTGGTTTCTGCCCATC^CCTGAACCrACn3AAGTTGTGTC 2024 

CCTAATTCTGTCATCTCCGTAGCCCn"CCCAGTTGTGCCTCCnX}CACATTGATGAGTGCCT 20 84 

GCTGTTGTCTTTGCCCATGTTGTTGATGTAGCTGTGACCCTATTGTTCCTCACCCCnXK^ 2 144 

CCCCXK:CAACCCC^GCTGGCCCACCTC7TCCCCCTCCC.A.CCCAAGCCCACAGCCAjGCCCA 22 04 

7CAGGAAGCCITCCTGG<nTCTCCACAA.CCnTCn-GACrGCTCITT^ 2264 
CTGCT L ' i I i I GTATTTGGCTAATAGTATATCAATTTGC 
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FIG. 7 



SDS-PAGE ANALYSIS OF £• COLI rCSF-1 
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